Graphene oxide (GO) has considerable application value in the concrete field, but its poor dispersion performance in cement restricts its adhibition. In this study, GO and water reducer composites (S-GO) obtained by ultrasonic dispersion treatment were used to promote the dispersion property in cement, meanwhile, the effects of water reducer species and GO dosage on mechanical properties and microstructure of recycled wall materials were investigated. By comparing the effects of four different water reducers, the greatest was polycarboxylate superplasticizer (PCs). When the optimal dosage of GO composite (PGO) was 0.06%wt, the compressive and flexural strength of the concrete specimens after curing for 28 days increased by 30% and 26% compared with the control sample. SEM results show that the hydration products of cement are evenly distributed and arranged in an orderly manner, which were the critical factors for improving mechanical property of cement. The study provided a reliable method for enhance the mechanical performance of recycled wall materials.
Introduction
With the development of China's economy, science and technology, the construction industry is also booming. A large amount of construction waste is generated every year, which accumulates into a mountain and occupies a large amount of land resources. Moreover, landfills often cause serious hazards and affect the normal life of citizens every year. It has become an urgent problem to break up and recycle construction waste. Lv S, professor of Shaanxi University of Science & Technology, conducted research on the template effect of GO on the formation of cement hydration crystals [1, 2] .
On the basis of this research, this experiment prepared high-performance wall materials by adding self-made GO composite materials into recycled aggregate of construction waste, and studied the influence of GO composite materials on concrete hydration products, microstructure and properties, laying a theoretical foundation for the establishment of structural model of recycled wall materials [3, 4] .
Experimental Part

Preparation of GO/water Reducer Composite Solution
A certain amount of GO suspension was taken and allowed to cool to room temperature. Four water reducers, Polycarboxylate Superplasticizer (PCs, 20%), naphthalene series water reducer (NS, 98%), basf melamine water reducer (F10MS) and melamine type water reducer (MS), were respectively configured into a solution with a solid content of 30%, and the Numbers were P, N, F and M respectively. A certain amount of cooled GO suspension was taken and placed in the water reducer solution to make it react coupling. The GO particles were dispersed by steric hindrance and electrostatic repulsion. The S-GO composite solution was obtained by ultrasonic dispersion for 15min at 200W power. The dispersion of S-GO composite solution on cement was observed [5] .
Preparation of Wall Material Samples
Nanomaterial can significantly improve the properties of composite materials at a small content. Therefore, GO with the added mass fraction of 0%, 0.02%, 0.04%, 0.06%, 0.08% and 0.10% of the cement mass was selected in this paper to study the influence of GO content on the mechanical properties of specimens. In this paper, a water-cement ratio of 0.30 was selected to investigate the variation law of mechanical strength of specimens with different GO contents. In order to improve the problem of reduced fluidity caused by GO incorporation, 0.2% PCs and NS superplasticizer were added into the specimens to improve their fluidity in combination with the test results of preparation of GO/ water reducer composite solution. According to the preparation process of GB/ T50081-2002 "standard test method for mechanical properties of ordinary concrete" and "cement mortar strength test method (ISO method)" (GB17671-1999), according to the mix proportion in table 1, the pouring size of 100mm x 100mm x 100mm specimens are respectively PGO1-6 and NGO1-6, 3 pieces for each group, for the test of compressive strength and flexural strength. All specimens curing demoulding after 24 h, in the constant temperature and humidity standard curing box (constant temperature 20 ℃, relative humidity 90%) curing 28 d. 
Results and Discussion
Dispersion Analysis of GO/ water Reducer in Cement Gel System
Since agglomeration occurs in GO in cement, effective measures should be taken to achieve uniform dispersion of GO in cement, so as to prepare GO cement-based composites with good dispersion performance. In this experiment, 4 different concrete water-reducing agents (PCs, NS, F10MS, MS) were selected to compare their dispersion properties of GO in cement. Different species S-GO composite solutions prepared by preparation of GO/ water reducer composite solution were taken and numbered as PCs, NS, F10MS, MS and none respectively, as shown in Figure 1 (a, b). As can be seen from the figure, all the five solutions are golden yellow liquid, indicating that the addition of water reducer does not affect the dispersion of GO in water. 0.5g of cement was added to the GO dispersion obtained in Fig.1 respectively, and the solution as shown in Figure 2 (a, b) was obtained after homogenizing and standing for 30min. By comparing the no. 5 bottle in Figure 2 (a, b) , it can be found that when cement is directly added, GO/ cement will flocculate and precipitate directly. This is very unfavorable for the dispersion of GO in cement-based materials, which will directly affect the mechanical effects produced by GO, and even cause strength loss due to matrix defects caused by agglomeration. PCs and NS dispersions showed no stratification, indicating that the mixture was still a sol with uniform dispersion, while F10MS and MS dispersions showed obvious stratification, and the mixture had a large degree of clarification, indicating that most of GO had flocculated and precipitated. Thus, the addition of PCs and NS water reducer can significantly reduce the flocculation of GO in cement and effectively improve the dispersion degree of GO in cement slurry.
Analysis of Recycled Concrete Specimens
Mechanical Test of Recycled Concrete Specimens
As shown in Figure 3 , when the water-cement ratio is 0.30, the mechanical properties of PCs-GO and NS-GO composite wall materials change with the amount of GO. When the GO content exceeds 0.06%, the compressive and flexural strength decreases significantly, reaching 15% and 5% respectively, which may be caused by two reasons. Firstly, because GO has a great surface energy and specific surface area, the water demand will be greatly increased after the addition of cement-based materials. The incorporation of GO leads to a large reduction of free water between cement particles, which limits the transmission and diffusion of minerals in cement, thus inhibiting the normal process of hydration reaction and affecting the formation of final strength. Secondly, when the GO content is too high, it is limited by the dispersion process, and it is easier to gather together due to inter-layer van der Waals attraction, so it is difficult for the agglomeration to exert the induction effect of GO. In addition, after the aggregation, there are many adsorbed water molecules around, the water-cement ratio is inconsistent, and the hydration products are not uniform, resulting in the reduction of the strength of the recycled wall composite.
By comparing Figure 3 , it can be found that PCs water reducer has a better effect on the mechanical strength of specimens than NS water reducer, indicating that PCs water reducer has a better effect on the dispersion of GO in cement slurry, which is consistent with the analysis result of dispersion analysis of GO/ water reducer in cement gel system. Therefore, PCs water reducer was selected as a special water reducer in concrete construction to improve the dispersion of GO in cement slurry and give full play to the mechanical properties of GO, which is of great significance to improve the mechanical properties of composite wall specimens. 
SEM Analysis of Recycled Concrete Specimens
In order to further analyze the micro mechanism of GO to improve the mechanical properties of the specimens, SEM characterization was performed on the sample core slurry prepared in preparation of GO/ water reducer composite solution and numbered as PGO series, as shown in Figure 4 . From the figure, (1) the Figure 4(a) shows that there are a large number of irregular holes built by the irregular distribution of aggregate in the slurry of blank samples without GO. Most of these holes are connected together to form penetrating cracks, resulting in the failure to effectively fill and connect the holes. (2) Compared with figure a, the structure of the sample slurry with a content of 0.06% as shown in figure b is more compact. The pore is filled with a dense lamellar C-S-H crystal, and a dense rod-shaped AFt crystal is distributed on the crystal surface, so that the pore can be further filled and connected. The compact structure has good integrity, and the pore cracks are significantly reduced.
From the above observation results, it can be seen that adding 0.06% go can significantly improve the microstructure of recycled concrete slurry, thus significantly improving the mechanical properties of the specimens.
Mechanism Analysis of the Influence of GO on Cement-based Composites
GO on orderly regulation of hydration products of cement matrix composites and the enhancement effect of the mechanical properties, mechanism of action can be attributed as follows: Cement hydration reaction under the influence of water, lamella structure on the formation of hydration products template effect, encourage hydration crystal form a neat shape, crystal mainly grows in the pore, soft, the filling, connection, such as micro crack healing role, not only reduces the average pore diameter and porosity, and increased the degree of porosity of the twists and turns, so as to improve the strength and durability of cement base composite materials.
Summary
In this paper, the effects of different water reducers and graphene oxide composites on the mechanical properties and microstructure of reinforced recycled wall materials were studied, and the following conclusions were drawn:
(1) Under the 0.06% of graphene oxide content, different water reducing agent on the mechanical behavior of composite wall materials improve ability is different, from the water reducing agent/GO on the dispersion of cement gel system, PCs, NS, two types of water reducing agent can significantly improve the GO in dispersing performance of cement gel system, give full play to GO mechanical properties, have a great effect to improve the mechanical strength of concrete, the experimental results have confirmed PCs effect is best.
(2) SEM images of the microstructure showed that mixed with 0.06% of graphene oxide, such as PCs under the action of water reducing agent is uniformly distributed in all parts of the specimens, GO its own powerful surface can absorb water and ions in the process of cement hydration, the surface becomes the hydration reaction of the active site, provides hydration products with better growth space, reduces the porosity of hardened cement paste, encourage renewable composite wall material microstructure is more homogeneous density, so as to improve the strength and toughness of materials.
